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SUMMARY 

c 

Orientated specimens have been c o l l e c t e d  from and around a number 

o f  c ra te rs  i n  g r a n i t i c  t e r r a i n .  The c r a t e r s  include: Brent, Ontario; 

New Quebec and Lac Couture, Northern Quebec; Kofels,  Aus t r ia ;  the 

P r e t o r i a  Sa l t  Pan and the cen t ra l  g r a n i t e  dome o f  Vredefort i n  South 

Africa, ;rnd represent 2 range i n  diameters f r o m  1 t o  70 km- NO f u r t h e r  

c o l l e c t i o n s  are  an t ic ipa ted .  

Studies on the pet ro logy and macro-st ructura l  features now are 

complete f o r  the Lac Couture area. The area i s  under la in  by gneisses, 

which vary i n  composition f r o m  g ran i te  t o  granodior i te ,  and which 

belong ( w i t h  some v a r i a t i o n s )  t o  the almandine-amphibolite fac ies  of 

regional  metamorphism. Retrograde metamorphism i s  evidenced b y  the 

conversion o f  b i o t i t e  t o  c h l o r i t e  and muscovite. The gneisses are 

thrown i n t o  broad concentr ic  f o l d s  p lunging from loo t o  60° south- 

southeast. 

135O cut  the gneisses wi thout  dev iat ion.  

composed l a r g e l y  o f  epidote are ubiqui tous.  The c i r c u l a r  depression 

of Lac Couture i s  c l e a r l y  a superimposed s t ruc tu re  and i s  apparent ly 

under la in  by a brecc ia pod. 

present on l y  on the western s ide o f  the lake, and are c l a s s i f i e d  as 

Two sets of diabase dikes, s t r i k i n g  respec t ive ly  105' and 

Late hydrothermal ve ins 

G lac ia l  e r r a t i c s  o f  polymict  brecc ia a re  

comminuted rock ma t r i x  brecc ias and brecc ias o f  crypto-  and/or 

m i c r o c r y s t a l l i n e  matr ix .  Though no coes i te  nor s t i s h o v i t e  has been 

detected i n  these brecc ias they are i n te rp re ted  as being o f  the impact 

v a r i e t y  because o f  the presence o f  deformation lamellae i n  both quartz 

and fe idspar .  

S t r u c t u r a l  ana lys is  o f  the primary f o l i a t i o n  and the ' b '  l i n e a t i o n  

subs tan t ia te  the a i r  photo i n t e r p r e t a t i o n  (see 2nd Annual Rept.), and 

show a dominant f o l i a t i o n  s t r i k e  o f  170' w i t h  steep dips,  and a ' b '  
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I ' ineation plunging approximately 60° south-southeast, w i t h  a second 

maxima plunging approximately 10' north-northwest. 

i s  a second generation of gent le  east-northeast t rending fo lds .  

This  suggests there 

Because o f  the absence of a topographic r i m  the surrounding area 

was d iv ided a r b i t r a r i l y  i n t o  annular zones each represent ing a rad ius 
. 
b, increment o f  1 m i le .  A method f o r  de tec t ing  undulat ions i n  the 

secondary s t r u c t u r a l  features i s  appl ied t o  the sheeting j o i n t s ,  which 

have an e s s e n t i a l l y  hor izon ta l  a t t i t u d e  i n  the  country rock. The 

sheeting j o i n t s  i n  the  inner zone, which extends from the lake centre 

t o  1 m i l e  beyond the inner r i n g  of is lands, have a subhorizontal 

a t t i t u d e .  For the second zone ( 1  m i l e  out  from the inner zone) the 

sheeting j o i n t  a t t i t u d e s  have an annular d i s t r i b u t i o n ,  suggestive of 

e i t h e r  a f o s s i l  r i m  o r  r i m  syncline. Successive zones outward conform 

t o  the  country rock pat tern.  The subver t i ca l  j o i n t  planes have a more 

homogeneous pa t te rn  i n  the  p rec in ts  o f  t he  c ra te r  than they do f a r t h e r  

out. 

I n  order t o  d iscern poss ib le  s t r a i n  e f f e c t s  i n  the s o l i d  s tate,  

t he  degree o f  undulose e x t i n c t i o n  i n  quar tz  was measured as a function 

of d is tance f r o m  the  c ra te r .  No systematic v a r i a t i o n  was found. 

However, the mean e x t i n c t i o n  f i e l d  o f  12.3O for  quartz i n  the  country 

rock was greater than the  mean of 8.9O fo r  the breccias. 

t h a t  some o f  the inherent s t r a i n  i s  released by f r a c t u r i n g  ( sha t te r i ng )  

du r ing  c r a t e r  formation, 

This  impl ies 

V a r i a t i o n  i n  the o p t i c  angle ( 2 V )  and t r i c l i n i c i t y  o f  potash 

feldspar i n  a sample p r o f i l e  outward from the c r a t e r  and i n  the  

brecc ias  showed no va r ia t i on .  However i n  four cases 2V's vary ing from 

32O t o  38' were measured i n  the breccias. 

s t a t e  i s  unknown. 

As yet  t h e i r  s t r u c t u r a l  
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T r i c l i n i c i t y  values o f  potash fe ldspar  around the New Quebec 

c r a t e r  vary f rom 0.88 t o  0.97, w i t h  no observable systematic v a r i a t i o n  

outward from the r i m .  

1 -  The absence o f  s t r u c t u r a l  s ta te  deformation i n  the r i m  and country 

rock suggest e i t h e r  an extremely rap id  d i s s i p a t i o n  o f  energy outward 

c-,, &L- --.- l-..?-* si te 3i- a 6; ssi pat icli1 of ~ r l ~ r  -I -.- 9y as  G i - l  tt& e-- - A  ..-- I I Ull C l l r  enyluslull I I d L L U l  t: 

( sha t te r i ng )  ra ther  than e l a s t i c  and p l a s t i c  s t r a i n .  

L i b r a r y  research on the f e a s i b i l i t y  o f  ob ta in ing  a q u a n t i t a t i v e  

measure o f  s t r a i n  by i n t e g r a t i n g  the s t ress  induced glow curve 

(produced by thermoluminescent techniques), and p l o t t i n g  t h i s  as a 

func t i on  o f  distance from the  c ra te r ,  though no t  encouraging a t  t h i s  

stage, requ i res  f u r t h e r  tes t i ng .  
, 

The detec t ion  o f  coes i te  and s t i s h o v i t e  i n  rocks from environ- 

ments o f  h igh  s t ress concentrat ions continues t o  be negative. 

L 
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PERSONNEL 

The p r i n c i p a l  inves t iga tors  were Professors 0. F. T u t t l e  and 

D. P. Gold, w i t h  Professors V. Vand and P. J. W y l l i e  ava i l ab le  f o r  

consul ta t ion.  D r .  T u t t l e  d i rec ted  the p ro jec t ,  w h i l e  D r .  Gold co- 

ord inated the research p r o j e c t s  and compiled the resu l t s .  M r .  8. 

Robertson, a graduate ass is tan t ,  has almost completed a thes i s  on the 

'Petrology o f  the Bedrock and Breccia E r r a t i c s  i n  the Region o f  Lac 

Couture, Quebec'. He intends t o  submit t h i s  f o r  the summer commence- 

ment i n  September 1965. M r .  F. K. Aitken, a graduate ass is tan t ,  has 

inves t iga ted  the f e a s i b i l i t y  o f  using thermoluminescence techniques 

f o r  measuring s t r a i n  i n  rocks, and a l s o  the s t r u c t u r a l  s t a t e  o f  

fe ldspar c r y s t a l s  i n  and around the craters .  

. 

D r .  Gold re turned recen t l y  from an approximately three month 

c o l l e c t i n g  v i s i t  t o  A f r i ca .  

o f  R u b i r i z i ,  Katwe, and For t  Por ta l  i n  Western Uganda; the  Tororo- 

M t .  Elgon Area i n  Eastern Uganda; the  Homo Bay area i n  Western Kenya; 

Mts. Menengai, Longonot, and Suswa i n  the Eastern R i f t  Val ley,  near 

H i s  i t i n e r a r y  included the  c r a t e r  f i e l d s  

Nai rob i ,  Kenya; the P re to r ia  Sal t  Pan and the Vredefort  Dome i n  

South A f r i ca .  

. 
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An account o f  the regional  s t ruc tu re  as deduced f rom the con t ro l  

t raverses and an ana lys is  o f  the a e r i a l  photographs i s  given i n  the 

Second Annual Report. The regional  f o l d s  a re  concentr ic  i n  type, 

plunging from 10' t o  65' i n  a south-southeasterly d i r e c t i o n ,  

A contoured .rr-plot o f  the a t t i t u d e s  o f  f o l i a t i o n  and gne iss ic  

banding ( p l a t e  1, f i g u r e  1 )  shows a maximum, s t r i k i n g  170° and d ipp ing 

s teeply  t o  east and west, w i t h  two p a r t i a l l y  developed g i r d l e s  

s t r i k i n g  080° - d i p  10' south, and 065' - d i p  60° southeast respec- 

t i v e l y .  The g i r d l e s  represent the areas of maximum curvature o f  

respec t i ve l y  gent ly  and s teeply  plunging domains o f  fo lds .  

A contoured p o i n t  diagram of the  l i n e a t i o n  (drag f o l d  axes, long 

axes o f  rod, boudins and schl ieren, and mineral e longat ions) shows 

an incomplete g i r d l e  w i t h  a maximum plunging about 55O i n  d i r e c t i o n  

150°, w i t h  secondary peaks plunging 8So south-southwest and loo i n  

d i r e c t i o n  340° (see p l a t e  1, f i g u r e  2 ) .  

has been gent le  c ross - fo ld ing  on an east-northeast ax is .  

Th is  spread suggests there 

I t  was noted i n  the Second Annual Report t ha t  subhorizontal 

sheet ing j o i n t s  were ub iqu i tous  and t h a t  nearer the lake some f l exed  

sheet ing planes were observed. I n  order t o  p i c k  up poss ib le  annular 

f o lds  (us ing  sheeting j o i n t  planes as a cont ro l ) ,  the area surrounding 

the  lake was d iv ided i n t o  concentr ic  zones, the f i r s t  or inner zone 

cover ing the is lands w i t h  each successive zone (up t o  zone 6) each a 

m i l e  f a r t h e r  out.  The r e s u l t s  are p l o t t e d  on p l a t e  2. The p l o t s  f o r  

zones, 3 ,  4, E 5 were so s i m i l a r  t h a t  they were grouped together. The 

subhor i zon ta l i t y  of the sheeting j o i n t s  f o r  zone 1,  zones 3 ,  4, & 5, 

and zone 6 a re  demonstrated i n  f i gu res  1, 3, & 4. However, f o r  zone 2 
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Lac Couture Crater 

P l a t e  1 .  

FIGURES 

1 .  n-diagram o f  f o l i a t i o n  and gneissic banding for  the 

Lac Couture area. (Contoured by the Schmidt method). 

2 .  B-diagram of penetrat ive  l inea t ion ,  I b ' ,  f o r  the 

Lac Couture area. (Contoured by the Schmidt method). 



N 

I. Contours 0-2.5-5.5-8-10.5 % per  I% a r e a  (76 points) 

N 

2. Contours 0-6.5-13-19.5-26% per  I%  area (31 points) 



7 

Lac Couture Crater  

P l a t e  2. 

FIGURES 

1 .  n-diagram o f  sheet in  j o i n t s  in zone 1 .  
Contoured by the  Me 9 l i s  method. 

2. n-diagram of sheet in  j o i n t s  i n  zone'2. 
Contoured by the Me 3 l i s  method. 

3 .  .rr-diagram of sheet in  j o i n t s  i n  zones 3 ,  4, C 5. 
Contoured by the Me 9 l i s  method. 

4. .rr-diagram o f  sheet ing j o i n t s  i n  zone 6 .  
Contoured by the  M e l l i s  method. 

5. .rr-diagram of sheet ing j o i n t s  i n  zones 1 & 2. 
Contoured by the Schmidt method. 

6. r -d iagram of sheet ing j o i n t s  i n  zones 3 ,  4, 5, & 6. 
Contoured by the  Schmidt method. 



I .Contours 6 and 2 0  % per  I % a r e a  ( I 6  points) 

3 .Contours  4 and 1 1 %  per  I %  a r e 0  (27 pqints) 

N 

2.  Contours 4 a n d  I1 % p e r  I X  a r e a  ( 2 6  points) 

N 

4. Contours 6 a n d  20 % p e r  I % orea  (17 points) 

6. Contours 0-4-8-24 % p e r  I% area  ( 4 4  points) 5. Contours 0-4-8-12% per  1 %  a r e a  (42  paints) 



1 .  the distribution of points is annular, which reflects a predominance 

of gently inclined sheeting joints on the mainland immediately 

surrounding the lake. A composite diagram of zones 3, 4, 5, & 6 

(figure 6) indicates the horizontality of the sheeting planes and the 

lack of influence in these zones of any flexures associated with 
-------.-A :r. +ha r r r m n n c ; t a  cf- T I - -  ---.. 1 , -  A ?  - L - : L . . , : , -  cratei-liiy. I I I U  diiiiuiai U I ~ L I  i u u c I u I I  i s  G a G l  vGu I l l  clIb k w I I I ~ v J I  

zones 1 and 2 (figure 5). 

Though positive conclusions are hampered by insufficient data, 

the results are compatible with expectations. The inclined sheeting 

joint planes of zone 2 may represent a fossil rim folds. 

The attitudes of the subvertical joints are recorded in plates 

3 ,  4, 5 5. In order to pick out possible variations in the joint 

pattern between 'rim' rock and country rock, and to test for direc- 

tional properties in smaller domains, the joint attitudes were plotted 

on a zonal (zones 1 C 2 combined; zones 3, 4, 5, & 6 combined) as 

well as a quadrant basis. 

The best developed regional joint sets are deduced from the 

composite diagram (plate 5, figure 2) which includes zones 3, 4, 5, 

G 6 for all quadrants. 

OOOO/vert, 030°/vert, 095°/vert, 115O/vert, and 150°/800 southwest. 

However, only the following persist in all quadrants OOO-OIOO/vert, 

030-050°/vert, 085-100°/vert, and 150-165°/vert. 

sets are developed in the rocks within the inner two zones, though 

These have the following orientations: 

But few additional 

their distribution i s  as a more complete girdle (cf. plate 5, figures 

1 & 2). 

regarded as the limit of crater influence, coincide, when treated in 

their respective quadrants, to a radial set, a concentric set and a 

The maxima developed in the inner two zones, which are 
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Lac Couture Crater 

P l a t e  3 .  n-diagrams of subvertical j o i n t s .  
(Contoured by the Schmidt method). 

FIGURES 

l a .  North quadrant - zones 1 & 2 .  

l b .  North quadrant - zones 3 ,  4, 5 & 6.  

2a. East quadrant - zones 1 & 2. 

2b. East quadrant - zones 3 ,  4, 5 & 6 .  



N N 

la.  C o n t o u r s  0-2-4-6-8 % per I %  a r e a  (83 points) 

N 

Ib. Contours  0-2-4-6-8 % per  I %  a r e a  (57 p o i n t s )  

N 

20. Contours  0-4-8 % p e r  I %  a r e a  (38 points) 2 b .  C o n t o u r s  0-2-4-6-8 % per  I % a r e a  (97 points) 
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Lac Couture Crater 

P l a t e  4. .rr-diagrams o f  subvertical j o i n t s .  
(Contoured by the Schmidt method). 

F I GURES 

3a. South quadrant - zones 1 Q 2. 

3b. South quadrant - zones 3 ,  4, 5 Q 6 .  

4a. West quadrant - zones 1 & 2 .  

4b. West quadrant - zones 3 ,  4, 5 5 6. 



N 

30. C o n t o u r s  0-4-8 % p e r - l  % a r e a  ( 6 2  p o i n t s )  3 b . C o n t o u r s  0-4-8% p e r  I %  a r e a  ( 5 0  p o i n t s )  

N 

4 0 .  C o n t o u r s  0 - 2 - 4 - 6 %  p e r  I % a r e a  ( 1 0 6  points)  4b.  Contours  0-4-8-12 % p e r  I % a r e a  (47 points)  
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Lac Couture Crater 

Plate 5. .rr-diagrams of subvertical joints. 
(Contoured by the Schmidt method). 

1. Composite plot for zones 1 & 2. 

2. Composite plot for zones 3, 4, S f 6. 

3. Composite p l o t  of all zones. 



N 

I. Contours 0-1-2 .5-5  % per  I% area (289 points) 

N 

2.Contours 0-1-2 .5-5-7 .5  % per I %  area  (251 points) 

N 

3. Contours 0-1-2.5-5 % per  I %  area  (540 points) 



conjugate set about tire r a d i a l  d i rec t i on .  This l a t t e r  set may 

represent conjugate shear j o i n t s  d i s t r i b u t e d  c i r c u m f e r e n t i a l l y  a t  

about 30' t o  a r a d i a l  l i n e .  

Concl us ions : 

1 ,  By comparing s p a t i a l  o r i en ta t i ons  o f  successive annular zones the 

in f luence o f  the superimposed s t ruc tu res  can be de l im i ted  from the 

pure ly  reg ional  s t ructures.  

2. Preferred o r i e n t a t i o n s  a r e  not as pronounced i n  the f a b r i c  o f  the 

inner zones as i n  the country rock. 



T R I  CL I N I C I T Y  OF POTASH FELDSPAR AROUND THE NEW QUEBEC CRATER 

There e x i s t s  i n  the potash feldspars, a continuous gradat ion from 

a monocl in ic l a t t i c e  t o  a t r i c l i n i c  l a t t i c e  having angles a = 90°39', 

and Y = 87O47'. 

symmetry thus f a r  found, and a potash fe ldspar  w i t h  these i n t e r a x i a l  

angles i s  termed "maximum microcl ine".  The dev ia t i on  from the mono- 

The l a t t e r  are the la rges t  departures from monocl in ic 

c l i n i c  l a t t i c e ,  o r  t r i c l i n i c i t y ,  may be used as a func t i on  o f  the 

degree of  A I - S i  order ing,  w i t h  the t r i c l i n i c  l a t t i c e  represent ing 

complete order, and the monocl in ic l a t t i c e  represent ing disorder.  

The t r i c l i n i c i t y  o r  A i s  detected e a s i l y  on x - ray  d i f f r a c t i o n  

pat terns.  For a t r i c l i n i c  l a t t i c e ,  there w i l l  be a separation between 

the peaks (hk l )  and (hkl) ,  whereas fo r  the monocl in ic l a t t i c e ,  these 

peaks w i l l  coincide. The degree o f  t r i c l i n i c i t y  i s  r e f l e c t e d  by the 

amount o f  t h i s  separation, r e l a t i v e  t o  the maximum poss ib le  separation, 

expressed i n  terms o f  the d i f fe rence i n  the ' d l  spacings o f  two such 

peaks. The peaks ( 1 3 O ) ( I j O )  and (131)(1?1)  commonly are used. The 

l a t t e r  peaks have a maximum poss ib le  d i f f e rence  i n  ' d l  spacings of  

s l i g h t l y  under 0.08. This may be converted t o  a scale f rom 0 t o  1 

by m u l t i p l y i n g  the observed peak separat ion by a fac to r  of 12.5. 

Hence, A = 12.5 (d131- dI j l ) .  

The t r i c l i n i c i t y  o f  potash feldspar from the  New Quebec c r a t e r  

and p r e c i n t s  were determined, because a h igh  i n t e n s i t y ,  short  dura t ion  

s t ress,  as would be caused b y  a meteor i te  impact, might induce d i s -  

o rde r ing  o f  the l a t t i c e  and a subsequent lowering of the t r i c l i n i c i t y .  

The potash feldspar was separated by successively crushing, s e l e c t i v e l y  

s t a i n i n g  ( the  K-feldspar), and hand p i c k i n g  under a b inocular  micro- 

scope. The clean samples were crushed and ground, then run on an 
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x - ray  d i f f ractometer  u n i t .  The main d i f f i c u l t y  was i n  f i n d i n g  s u f f i -  

c i e n t  potash feldspar i n  some o f  the specimens. The t r i c l i n i c i t y  

va r ied  from 0.88 t o  0.97, w i t h  no observable v a r i a t i o n  outward from 

the r i m .  

I n  add i t i on ,  two samples from the Brent c ra te r  were run, one 

sample being from the r i m  and the other  a t  a distance o f  approximately 

1-1/2 m i les  f a r t h e r  out. The r i m  sample had a t r i c l i n i c i t y  o f  0.32; 

the o ther  sample was monocl inic. 

A METHOD OF SEPARATING POTASH FROM PLAGIOCLASE FELDSPARS I N  G R A N I T I C  

ROCKS 

Th is  method f o r  separat ing minerals o f  l i k e  phys ica l  p roper t i es  

(quartz,  K-feldspar, and p lag ioc lase)  involves s e l e c t i v e  s t a i n i n g  

and hand p ick ing.  It i s  quicker,  when small amounts on ly  are needed 

(as f o r  t r i c l i n i c i t y  and e lec t ron  probe studies),  than conventional 

methods us ing heavy l i q u i d  medi i .  

The fo l low ing  chemicals and equipment are necessary: fume hood; 

f i l t e r  funnels  (75mm); beakers (250 m l ) ;  Whatman's f i l t e r  paper 

(No. 41, 1 1  uns); watch glasses; h y d r o f l u o r i c  ac id ;  sodium coba l t -  

n i t r a t e  s o l u t i o n  - Na ( C O ( N O ~ ) ~ ) ,  (60 gms sodium c o b a l t n i t r a t e  t o  

100 m l  water) ;  barium ch lo r i de  so lut ion,  BaC12, 5%; amaranth so lu t ion ,  

28.35 gms of  F.D. & C. Red No. 2 ( fo rmer ly  amaranth) t o  2 l i t e r s  of 

water. Note: t e f l o n  equipment i s  p re fe r red  t o  glassware. 

3 

The rocks are  crushed and the 0.25 t o  0.5 mm range re ta ined 

(genera l l y ,  t h i s  ensures adequate separation o f  i nd i v idua l  grains,  

w h i l e  s t i l l  keeping them t o  a reasonable s ize) .  

on a p iece  o f  f i l t e r  paper i n  a funnel, and etched w i t h  HF f o r  15 

The gra ins  a re  placed 



seconds under a fume hood. Wash 2 or 3 times with distilled water to 

remove HF. The potash feldspar is stained by adding sufficient 

sodium cobaltnitrate solution to cover the grains for from 1 to 2 

minutes. The excess stain is removed by flushing gently a few times 

with distilled water, taking care not to wash off the stain. The 

barium chloride solution is then added for 15 seconds, and flushed 

once with distilled water. The amaranth solution i s  then added for 

15 seconds, the excess being gently flushed off with distilled water. 
Allow grains to dry, either in a drying oven or in the open air. 

Note: it may be more convenient to remove the grains from the filter 

paper, and to do the flushing on a watch glass. 

The dry grains may be hand-sorted easily under a binocular 

microscope, the potash feldspar being yellow and the plagioclase 

purple or red. Impure grains are distinguished easily. 
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THERMOLUMINESCENCE AND THE FEASIBILITY OF MEASURING STRESS INDUCED 

GLOW CURVES IN THE STUDY OF DEFORMATION AROUND CRATERS 

H i s t o r v  

The emission o f  l i g h t  f rom stones has been known since as e a r l y  

as 400 B.C. However, i t  i s  no t  known whether t h i s  observat ion was o f  

f luorescence, phosphorescence, thermoluminescence, or incandescence. 

The f i r s t  recogn i t i on  of  thermoluminescence was i n  1663, by Boyle, 

who observed the  phenomenon i n  a diamond. The thermoluminescence of 

f l u o r i t e  was discovered by E l s h o l t t  i n  1676. 

Pr ior  t o  1950 a grea t  deal o f  work was done on the thermolumines- 

cence o f  rocks and minera ls  (as we l l  as some a r t i f i c i a l  substances), 

w i t h  b u t  few at tempts t o  describe v a r i a t i o n s  w i t h i n  a given geo log ic  

s e t t i n g .  The general conclusion ( w i t h  many exceptions) from t h i s  

p e r i o d  was t h a t  the  i n t e n s i t y  of  the  thermoluminescence was propor-  

t i o n a l  t o  geologic  age. 

Since 1950 over 400 papers have been publ ished on thermolumines- 

cence. The ground-work f o r  most o f  the recent papers i s  the  repo r t  

by Danie ls  and co-workers, who inves t iga ted  q u a n t i t a t i v e l y  the many 

aspects o f  thermoluminescence on a U. S. Atomic Energy Commission 

p r o j e c t .  

Theory 

The phenomenon of thermoluminescence ( l i b e r a t i o n  by r i s e  i n  

temperature o f  trapped e lect rons,  whose t r a n s i t i o n s  r e s u l t  i n  the  

emission of l i g h t ) ,  as w e l l  as other  types o f  luminescence, i s  

exp la ined convenient ly  by the Bloch band theory o f  so l ids .  According 

t o  t h i s  theory c r y s t a l l i n e  mater ia l  con ta in  a se r ies  o f  energy l e v e l s  

or bands. E lec t rons  may move between these bands, which may be f u l l  
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(valence or  ground s t a t e  bands), or empty (conduction bands). 

i n  a c r y s t a l l i n e  i nsu la to r ,  these bands consis t  o f  a ser ies  o f  

'permi t ted '  energy leve ls ,  separated by ' forb idden'  energy leve ls ,  

and e lec t rons  cannot move across a forbidden leve l  t o  an empty conduc- 

i d e a l l y ,  

'L;ur, band* iuwever, due io types of 1 - L L Z - a  I d L L I L t :  U G l C L L 3 ,  -l-r--a.- eL.0. L I I G  

energy l eve l s  are no t  i n  a per fec t  s ta te,  and some d i sc re te  permi t ted  

l e v e l s  may form w i t h i n  the forbidden leve ls ,  as e lec t ron  t raps  o r  as 

luminescent centers. 

When an e lec t ron  i n  a f u l l  band i s  exc i ted  by an external  energy 

source, i t  can do one o f  three things; (a )  move t o  a luminescent 

center and then r e t u r n  t o  a f u l l  band, (b )  move t o  a conduction band, 

t r a v e l l i n g  through the l a t t i c e ,  and then r e t u r n  t o  a f u l l  band as 

before, o r  (c)  i t  may be trapped and h e l d  i n  a l a t t i c e  defect  before 

reaching a conduction band. 

u s u a l l y  heat, must then be added before the e lec t ron  can be released 

t o  r e t u r n  t o  a f u l l  band as i n  (b). The add i t i ona l  energy imparted 

t o  the e lec t ron  i s  released mainly as photons o f  l i g h t  as the e lec t ron  

passes through the luminescent center. The f i r s t  two o f  the above 

cond i t ions  i l l u s t r a t e  the mechanisms o f  fluorescence, the  t h i r d  fo r  

both phosphorescence and thermoluminescence. 

Addi t ional  energy ( a c t i v a t i o n  energy), 

Some o f  the f a c t o r s  in f luenc ing  the nature and type o f  thermo- 

luminescence are as fo l lows:  

i )  

func t ion  as a luminescent center i s  var iab le ,  and depends on 

var ious fac to rs  such as t h e  type o f  l a t t i c e  defect ,  and c r y s t a l  

s t ruc tu re .  

i i )  

i s  var iab le .  A defect which requi res on ly  a small amount o f  

the amount o f  energy required t o  enable a l a t t i c e  defect  t o  

the amount of energy required t o  release a trapped e lec t ron  



i .  
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energy i s  termed a shallow t rap,  whereas one r e q u i r i n g  a la rge  

amount o f  energy i s  termed a deep t rap.  

i n  the  range between shallow and deep traps. 

i i i) var ious types of l a t t i c e  defects are possible,  and include: 

Intermediate t raps  l i e  

pc in t  defects (miss!r?g 2tc?!Rs or !ens, a t m s  or IQnz mwed tn 

i n t e r s t i t i a l  pos i t ions ,  ions and ca t ions  exchanging pos i t ions ,  

and in t roduc t i on  of fore ign atoms or ions);  l i n e  defects  (screw 

or  edge d i s loca t i ons ) ;  planar defects ( i n t e r n a l  and external  

defect  surfaces); and combinations o f  the above. 

i v )  the tendency f o r  a l a t t i c e  defect  t o  ac t  as an e lec t ron  

t r a p  increases as the temperature decreases, which suggests 

t h a t  thermoluminescence i s  a low temperature form o f  f luorescence. 

Mea s u r emen t 

The measurement of thermoluminescence i s  r e l a t i v e l y  simple. The 

sample i s  heated a t  a constant r a t e  i n  a l i g h t - t i g h t  compartment. 

The l i g h t  emi t ted i s  p icked up by a pho to -mu l t i p l i e r  tube, the s ignal  

a m p l i f i e d  and fed i n t o  a recorder, where l i g h t  i n t e n s i t y  i s  p l o t t e d  

against  t ime and/or temperature t o  produce a glow curve. The number 

of peaks, peak heights,  and temperature o f  the peaks may be measured, 

o r  i n d i v i d u a l  peaks may be in tegrated t o  g ive a measure o f  the amount 

of emission. With special  equipment the wave length o f  the l i g h t  can 

be measured. 

A w l  i c a t i o n  

T h e o r e t i c a l l y  thermoluminescent s tud ies around c r a t e r s  should 

y i e l d  in format ion on (a) t h e  temperature gradient outward f rom the 

c r a t e r ,  (b) the age o f  c ra te r  formation, and (c) a q u a n t i t a t i v e  

measure of the s o l i d  s t a t e  deformation outward from the c ra te r .  
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Whi e n e i t h e r  o f  the  f i r s t  t w o  aspects have been tes ted  on 

c ra te rs ,  the  work done on the rocks adjacent t o  igneous d ikes  i s  no t  

encourag ng. The e f f e c t  of a h igh i n t e n s i t y ,  shor t  du ra t i on  s t ress,  

as would be caused by the  impact o f  a meteor i te ,  would e i t h e r  re lease 

--.-%* I I l C l I I y  V I  n c  thn L l I b  +*-ne %I  up3 f..,C.nrfi \ W I l b I  \r t k n  C I I -  I ~ n m l / c  "b-3 A n F n r r n f i A  "b, " I  lllr" by ruptcre!  c ) ~  ~ r p i t p  

t raps  (rocks deformed by d i a l  i a t i on ,  d i s t o r t i o n  or f o l d i n g ) .  The 

shock induced thermoluminescence would mani fest  i t s e l f  e i t h e r  as, 

(a)  enhanced peaks, (b) reduced peaks, (c)  sh i f ted.peaks,  or (d) new 

peaks. 

Recent work by Roach, Johnson, McGrath and Spence (1961) showed 

the  e f f e c t  o f  impact on thermoluminescence t o  be measurable i n  a r t i f i -  

c i a l  c ra te rs ,  formed by an armour p i e r c i n g  b u l l e t  i n  Yule marble. 

Subsequent work by Roach, Johnson, McGrath, and S t e r r e t t  (1962) on the  

rocks f r o m  Meteor Crater ,  Arizona, l e d  t o  the  conclusion t h a t  t he  

t o t a l  amount o f  thermoluminescence (area under the  glow curve) 

decreases sys temat i ca l l y  w i t h  d is tance from the shock o r i g i n ,  and t h a t  

i n  some rock types, s t rong shock causes the  l o w  temperature peak t o  

have a grea ter  ampli tude than t h e  h i g h  temperature peak. 

r e s u l t s  a r e  e s s e n t i a l l y  confirmed (Wilmarth, e t  a l ,  1961; Short, 1961) 

on c r a t e r s  formed b y  underground nuclear explosions. 

These 

The p r e l i m i n a r y  i n v e s t i g a t i o n  o f  thermoluminescence o f  rocks 

from c r a t e r s  i n  g r a n i t i c  t e r r a i n s  i s  n o t  encouraging. Samples from 

the  Brent  Crater  were run, f o r  t h i s  group, a t  Loyola College, Montreal 

by D r .  D. McDougall. The v a r i a t i o n s  a re  unsystematic. Samples f rom 

the  New Quebec Crater have been run by Roach a t  the  Federal Center, 

i n  Denver, w i t h  mixed resu l t s .  
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Concl us i on s : 

Although it is unlikely that a hypervelocity impact would have no 

affect on the thermoluminescence o f  rocks surrounding an impact crater 

in granitic terrain, the evidence gathered to date does not warrant 

any development work being undertaken, by this group, at this time. 

However, information will be gathered and processed, and any new 

developments will be considered. 

. 
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PLANNING FOR T H E  N E X T  S I X  MONTH PERIOD 

I t  i s  f e l t  t ha t  consol idat ion o f  e x i s t i n g  i nves t i ga t i ons  should 

take precedence over the development o f  new aspects. Work on the 

f o l l o w i n g  top i cs  i s  scheduled: 
. 
8 1. M ic ro fab r i c  ana lys is  ( o r i e n t a t i o n  of deformation planes and planes 

o f  f l u i d  inc lus ions  i n  quar tz)  on rocks from Brent, New Quebec, and 

Lac Couture craters .  I f  the resu l t s  warrant, the study w i l l  be 

extended t o  rocks f rom the cent ra l  g r a n i t e  dome o f  Vredefort  and f o r  

comparison t o  the vo lcan ic  c ra te r  o f  the P r e t o r i a  Sa l t  Pan. 

2. Trend surface s tud ies us ing the 2 V  values o f  the potash feldspar.  

There was no systematic development of these surfaces a t  Lac Couture, 

but the New Quebec rocks should be tes ted  before abandoning the 

technique. 

3 .  Determine the composition and s t r u c t u r a l  s t a t e  o f  the low 2 V  

potash feldspars,  which have been found a t  both the Lac Couture and 

Brent c ra te rs .  

4. 

extend t h e  study t o  the Vredefort and the P r e t o r i a  Sa l t  Pan. 

5. Measure the degree o f  undulose e x t i n c t i n g  o f  quartz i n  rocks from 

t h e  New Quebec c ra te r .  

6. 

Continue the t r i c l i n i c i t y  studies on New Quebec and Brent, and 

Continue w i t h  the petrographic desc r ip t i on  o f  the rocks from the 

8 New Quebec c ra te r ,  and t e s t  the sheeting j o i n t s  i n  the country rock 

f o r  poss ib le  r i m  fo lds .  

PA...&: -..- --_-_I c-- _--- 7. b U I I C I I I U ~  L l l t :  3 C d l L I I  IU I  LUtS3;te afid s t i s h o v i t e .  

8. Pre l im inary  t h i n k i n g  i n t o  models o f  c ra te r  mechanism. 
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S t ruc tu ra l  Studies on the New Quebec and Lac Couture Craters, 
New Quebec, Canada 

Abstract 

New Quebec and Lac Couture craters ,  w i t h  diameters of 2 and 9 

miles,  a re  located respec t ive ly  a t  61°17@N, 73'42@W, and 6Oo08'N, 

/ 5  iu*W. inese c i r c u i a r  s t ruc tu res  are superimposed upon foided Pre- 

cambrian quar t to - fe ldspa th i c  gneisses. S t ruc tu ra l  ana lys is  o f  the 

fo l l ow ing  s t r u c t u r a l  elements - f o l i a t i o n ,  l inea t ions ,  j o i n t s ,  and 

shear zones, i s  app l ied  i n  the areas surrounding these c ra te rs .  A t  

New Quebec the a t t i t u d e  of the s t r u c t u r a l  elements i n  the r i m  rock 

were compared w i t h  those o f  the country rock. Because Lac Couture 

has no topographic r i m ,  the surrounding area was d i v ided  i n t o  annular 

zones each represent ing a rad ius increment o f  1 m i le .  Spat ia l  

o r i e n t a t i o n s  were compared on a zonal basis. 

--O.nm -. 

A t  Mew Quebec sheeting j o i n t s  - subhorizontal i n  the country rock 

- are  i n c l i n e d  outwards i n  the r i m .  By r o t a t i n g  the sheeting j o i n t s  

i n t o  a ho r i zon ta l  a t t i t u d e  and the f o l i a t i o n ,  l i nea t i on ,  and shear 

zone a t t i t u d e s  b y  a corresponding amount, the scat tered p o i n t s  of  the 

r i m  zone diagrams are t ightened t o  conform w i t h  the country rock 

a t t i t u d e s ,  i n d i c a t i n g  t h a t  the sheeting j o i n t s  and shear zones are 

p re -c ra te r  i n  o r i g i n .  

A t  Lac Couture the sheeting j o i n t s  a re  subhorizontal except f o r  

the second zone out ,  which shows an annular d i s t r i b u t i o n  of p o i n t s  

suggestive of e i t h e r  a f o s s i l  r i m  o r  r i m  syncl ine. The conformity of 

f o l i a t i o n  and l i n e a t i o n  t o  the regional  pa t te rn ,  suggests i t  i s  a 

deeply eroded c ra te r .  

Sub-ver t i ca l  j o i n t s  are more abundant and homogeneous i n  t h e i r  

d i s t r i b u t i o n  c lose t o  these craters .  They appear t o  be the most 

s e n s i t i v e  deformation fea ture  attendent w i t h  c ra te r ing .  
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Deformation Lamellae from the Lac C a t u r e  Crater,  Quebec 

A b s t r a  

The brecc ia,  exposed as g l a c i a l  e r r a t i c s  on the shores o f  the  Lac 

Couture Crater,  Quebec i s  apparently an impact i te.  C l a s t i c  quar tz  

g ra ins  imbedded i n  the d e v i t r i f i e d  m a t r i x  conta in  deformation lamellae. 

B r w i i i s h  ~ n c ' l u s ; o n s  and rnater ia i  unresoivabie a t  uuu power magnif ica- 

t i o n  f o r m  the lamellae. The r e f r a c t i v e  index o f  t h i s  ma te r ia l  i s  

lower than nw o f  quartz.  

cI-- 

I n  117 g ra ins  invest igated,  63 possess two sets  o f  lamellae, 9 

have th ree  sets, and 1 conta ins four sets. The angle between the 

c -ax i s  o f  the  host quar tz  g ra ins  and the po le  t o  the lamel lae ranges 

from Oo to goo. 

2 5 O w i t h  minor coincidences w i t h  the 4 ,  r ,  z ,  s, and x cleavage planes. 

I n  g ra ins  conta in ing  t w o  o r  more sets  o f  lamellae the m a j o r i t y  o f  

i n te rp lana r  angles l i e  between 35' and 40°, w i t h  o thers  ranging from 

I 
The m a j o r i t y  o f  angles, however, a re  between 20' and 

1 5 O  t o  goo. 

The t r i g o n a l  symmetry o f  l o w  quar tz  requ i res  the angle between 

r a t i o n a l  planes o f  a form, whose C'L angle i s  approximately 23O, t o  

be about 40°. 

2Z056#, and the i n te rp lana r  angle between companion faces i s  39O28I 17". 

The geometric coincidence between deformation lamel lae and cleavage 

- 
The r''I angle o f  i l O l 3 , ; ,  a r a r e  quar tz  cleavage, i s  

, 

* d i r e c t i o n s  i n  quar tz  i s  demonstrated. 
b Sim i la r  planes are  i n c l i n e d  a t  approximately 30° t o  the (010) 

t w i n  composit ion plane i n  c l a s t i c  p lag ioc lase  grains.  Two sets  i n t e r -  

sect a t  about 600 i n  a l t e r n a t e  t w i n  lamellae. 

The o r i e n t a t i o n  of deformation lamellae i n  quar tz  i s  apparent ly 

p a r t i a l l y  c r y s t a l l o g r a p h i c a l l y  con t ro l led ,  and perhaps p a r t i a l l y  

f luenced by a d i r e c t e d  s t ress.  


